Acute pancreatitis is a complex inflammatory disease that begins with pancreatic injury and expands to involve multiple organs. Ultimately, the systemic rather than the local effects lead to the morbidity and mortality associated with the disease. However, in terms of prevention it is important to understand the initiation of the disease, which likely occurs within pancreatic acinar cells. The mechanisms that initiate acute pancreatitis have been the subject of a considerable body of research and are the focus of the article by Singh et al. (1) in the current issue of the JCI. This article provides interesting new insight into pancreatic acinar cell mechanisms responsible for the premature and inappropriate activation of trypsin.
Cellular control of trypsin
Trypsin is a serine protease that is produced and secreted by pancreatic acinar cells as a digestive enzyme. The idea that digestive enzymes play an important role in acute pancreatitis has existed for 100 years (2) . Activation of trypsin is now believed to represent the linchpin of acute pancreatitis, and, indeed, trypsin is activated within pancreatic acinar cells early in the course of experimental acute pancreatitis (3) . Therefore, there is much interest in understanding the cellular mechanisms involved in this activation process.
Inappropriate activation of digestive enzymes is normally prevented by several redundant mechanisms. First, many enzymes are produced as inactive precursors that are only activated in the small intestine, where enteropeptidase (also called enterokinase), an enterocyte plasma membrane protein, acts to cleave a small peptide, trypsin-associated peptide (TAP), from trypsinogen, the inactive form of trypsin. Trypsin then acts upon the other precursor digestive enzymes, leading to their functional activation. Second, the digestive enzymes are produced, sorted, and stored within membrane-bound vesicular compartments, thus isolating them from the rest of the cell. Third, a trypsin inhibitor is produced within acinar cells and packaged with the digestive enzymes within the secretory granule. Fourth, damaged cells are able to dispose of their digestive enzymes by a process of controlled lysosomal degradation. Within the lysosomes proteolytic enzymes, including the cathepsins, degrade and inactivate trypsin and the other digestive enzymes. Trypsin can also degrade itself, a process that appears to play a protective role in the pancreas, as mutations in trypsin that prevent selfdegradation are responsible for a form of hereditary pancreatitis (4).
Activation of trypsin in the acinar cell
Despite these various protective mechanisms, trypsin becomes activated within the pancreatic acinar cell during the pathogenesis of acute pancreatitis, probably within the lysosomes. These organelles contain cathepsin B and other proteases that can activate trypsin, and a number of cell fractionation studies have shown that zymogen granules and lysosomal markers colocalize following acinar cell damage (5) . It has also been found that genetic deletion of Cathepsin B reduces trypsin activation during caerulein-induced experimental acute pancreatitis (6) . Moreover, both trypsin activity (7) and TAP (8) have been localized to the lysosomal compartment. Thus, there is strong evidence that trypsin can be activated within lysosomes by cathepsins.
Another important question involves the mechanisms responsible for the sorting of zymogen granules to lysosomes. Important new insight into this process comes from the study by Singh et al. (1) . Normally the cell has mechanisms that carefully separate membrane compartments. For example, secretory granules traffic to the apical portion of the cell, whereas other smaller endocytotic ves icles may be targeted to the basal pole. The intricate process of membrane sorting is mediated by dynamic interactions of vesicles and organalles with the cytoskeleton. Recent studies of non-acinar cells (9) and yeast cells (10) show that secretory and endoctytic vesicle trafficking is regulated by phosphatidylinositol 3-kinase (PI3K). Wortmannin, a potent inhibitor of multiple classes of PI3K, blocks endosome fusion in vitro and impairs the transport of cathepsin D and internalized PDGF-R to the lysosome in vivo (11) . In their present study, Singh et al. (1) show that wortmannin prevents trypsin activation in the pancreatic acinar cell, implying that PI3K activity is required for the fusion of lysosomes with secretory granules during caerulein hyperstimulation. Indeed, the authors provide evidence that zymogen and lysosomal markers fail to colocalize after wortmannin treatment. Surprisingly (in light of previous reports from other groups; see refs. 12-14), the authors found no evidence that caerulein treatment directly activates class I PI3K. Instead, the authors suggest that class III PI3Ks, which are believed to be constitutively active, may be involved. On this basis, the authors propose that basal, rather than stimulated, PI3K activity is required for the colocalization and fusion of lysosomes and zymogen granules, implying that PI3K activity may not be sufficient to induce trypsin activation.
Pathogenic roles of PI3K
Further research will be required to fully understand the function of PI3K in this response. It will also be important to discover the downstream mechanisms required to allow the active trypsin to escape the confines of the lysosome and damage the acinar cells. Trypsin activation within the lysosome would not be expected to cause cellular damage, and activation of trypsin within acinar cells has been shown to occur without causing acute pancreatitis when the secretagogue bombesin is utilized as a stimulant (15) . Thus, the leakage of active trypsin out of lysosomes and into the cellular cytoplasm is a critical component of the development of acute pancreatitis. Another important issue raised by the work of Singh et al. (1) is whether the ability of PI3K inhibition to ameliorate acute pancreatitis is based entirely upon the prevention of trypsin activation. In this study, PI3K inhibitors inhibited acinar cell trypsin activation and ameliorated the severity of pancreatitis, thus suggesting trypsin activation is both necessary and sufficient for the development of acute pancreatitis. However, the severity of acute pancreatitis depends upon the extent of the systemic inflammatory response. Much evidence now indicates that damaged acinar cells produce inflammatory mediators that recruit and activate leukocytes, and that these cells then amplify and extend the disease beyond the pancreas to involve the lungs and other organs. The expression of these inflammatory mediators has been linked to activation of the transcription factor NF-κB, which plays a key role in many inflammatory diseases.
Recently it has been found that activation of NF-κB occurs within pancreatic acinar cells early in the course of experimental acute pancreatitis and is correlated with the expression of cytokines and chemokines (16) (17) (18) (19) . Thus, activation of NF-κB might be expected to induce an inflammatory response. However, in the present study, wortmannin did not block NF-κB activation in acinar cells but prevented neutrophil infiltration of the pancreas, apparently arguing against a role for NF-κB activity in the inflammatory response observed in acute pancreatitis. However, a potential explanation for the anti-inflammatory effects observed in the Singh et al. study is the well-documented ability of PI3K inhibitors to directly block inflammatory cell function (20) . These inhibitors have potent effects to block both recruitment to sites of injury (21, 22) and activation (23) of inflammatory cells. Neutrophils are known to be critical for the severity of experimental acute pancreatitis (24, 25) . Therefore, in the current study, it is not possible to determine to what extent wortmannin's effect on the severity of acute pancreatitis reflects its ability to inhibit trypsin activation within pancreatic acinar cells as opposed to its ability to inhibit inflammation directly. New approaches using treatments whose effects are restricted to the pancreasperhaps involving the targeted delivery or expression of a PI3K signaling inhibitor -may be required to resolve this uncertainty.
